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Familial and twin studies have suggested that anorexia nervosa (AN) is a multifactorial disorder with a substantial genetic contribution. [1] [2] [3] [4] [5] The hSKCa3 potassium channel gene, which contains polymorphic CAG repeats in the coding region and is involved in the regulation of neuronal activity, may be a candidate gene for AN because alleles with longer repeats have been found to be associated with mental disorders. 6 Forty Israeli AN family trios were genotyped for the hSKCa3 CAG repeat polymorphism using the haplotype relative risk (HRR) method. The distribution of alleles transmitted to the patients was found to be significantly different from that of the non-transmitted parental alleles, with the longer alleles being over-represented in the patients (Wilcoxon rank test, P = 0.008). The transmission disequilibrium test (TDT) revealed that longer (Ͼ19) repeat alleles were preferentially transmitted to AN patients (McNemar's 2 = 10.31, P = 0.0013). These results were corroborated by comparing the distribution of alleles between patients and healthy controls (Mann-Whitney test, P = 0.005). Our study suggests that the longer repeat alleles of the hSKCa3 gene may contribute to the genetic susceptibility to AN. Molecular Psychiatry (2002) 7, 82-85. DOI: 10.1038/ sj/mp/4000931
Anorexia nervosa (AN) is a severe and disabling psychiatric disorder. The estimated lifetime prevalence of AN and anorectic-like symptoms in women is 0.51-1.62%, even reaching 3.70% in some studies, depending on the definition of the clinical criteria and the age groups.
1,2 Epidemiological and familial studies strongly suggest that genetic factors play a role in the etiology of AN, 2, 3 and estimates of heritability in AN are as high as 76%. 4 AN is a complex disorder probably caused by multiple genes, each contributing to the genetic predisposition. 5 The heterogeneity of AN phenotypes and the high rate of comorbidity of major depression disorder, generalized anxiety, and obsessive-compulsive disorder [7] [8] [9] [10] suggest that AN may share common genetic factors with other mental disorders.
The small-conductance calcium-activated potassium channels (SKCa) regulate ion flow through the Nmethyl-D-aspartate-type glutamate receptor (NMDA-R) complex by exerting an inhibitory effect and thereby dampening neural excitability. 11, 12 According to a proposed molecular model, SKCa channels may contribute to the genetic susceptibility to schizophrenia and bipolar disorder. 6, 13, 14 The hSKCa3 (KCNN3) gene is a calcium-activated potassium channel gene 6 localized to chromosome 1q21.3 [14] [15] [16] It contains a highly polymorphic CAG repeat stretch within the coding region which was found to be associated with schizophrenia, 6,14-17 with longer repeats over-represented in schizophrenic patients compared to normal controls. A similar trend was also demonstrated in patients with bipolar disorder. 6, 14 These findings are still controversial, however, because they could not be replicated in several other studies. [18] [19] [20] [21] [22] In view of the large degree of overlap between the distribution of alleles in patients and controls, some researchers have suggested that a subset of common alleles, rather than rare mutations, is responsible for the predisposition to these disorders. 6, 12, 14 Prompted by the possibility that some susceptibility genes may be common to several neuropsychiatric disorders, we investigated the possible association between hSKCa3 and AN in a family-based and a casecontrol study.
The family-based study included 40 family trios consisting of a female patient with AN and both parents. The case-control study included 13 additional patients (total of 53) and 56 control individuals. The family trios were analyzed with the haplotype relative risk (HRR) method, 23 in which alleles transmitted to the patients are compared to the non-transmitted parental alleles. Figure 1 demonstrates the distribution of the transmitted and non-transmitted hSKCa3 alleles in the family trios, and Figure 2 demonstrates the distribution in the patients and controls. A bimodal distribution of the hSKCa3 alleles was noted, with two major peaks of 13-14 and 18-20 repeats within the range of 12-23.
The difference between the distribution of transmitted and non-transmitted alleles (as determined by HRR, Table 1 ) was calculated by two-tailed Wilcoxon rank test. A significant difference was obtained (P = 0.008), with longer alleles being over-represented in the AN patients. The mean length of the transmitted alleles (AN patients) was 18.46 repeats (SD = 2.31) compared to 17.60 (SD = 2.60) for the non-transmitted parental alleles. Modal allele length was 20 repeats for the transmitted alleles and 18-19 repeats for the parental internal control alleles. Dichotomization of these data at 19 repeats, namely short (Յ19) and long (Ͼ19) alleles, also revealed a significant difference between the two groups in favor of longer alleles in the AN group ( 2 = 10.62, df = 1, P = 0.0011, OR = 3.76, 0.95 CI: 1.72-8.22). The cutoff value of 19 was adopted from the study of Chandy et al, 6 even though the modal alleles in our non-transmitted allele population were of 18 and 19 repeats.
Application of the transmission disequilibrium test (TDT) 24 in the family trios (Table 2) revealed that of 35 parents heterozygous for long and short repeat alleles, the long allele was transmitted to the AN patients 27 times whereas the short allele was transmitted only (Table 2) .
In agreement with the familial data, analysis of hSKCa3 allele distribution in AN patients compared to unrelated control individuals (Figure 2 ) by two-tailed Mann-Whitney test also yielded a significant difference (P = 0.005). The mean length of the repeat allele in the patients was 18.52 (SD = 2.29), and in the controls, 17.95 (SD = 2.00). Chi-square analysis of the case-control data, on dichotomization at 19 repeats, showed the same direction towards longer alleles in the patients ( 2 = 13.98, df = 1, P Ͻ 0.001, OR = 3.43, 0.95 CI: 1.81-6.48).
The present study shows that AN is associated with the presence of longer polymorphic CAG repeats within the hSKCa3 gene. This finding was noted with both the HRR method and the TDT in family trios, and Molecular Psychiatry confirmed in a case-control study. All the AN families and controls were Israeli Jews; most of the AN patients (80%) were of Ashkenazi origin, and they were compared, in the case-control study, with Ashkenazi women. Although the case-control design is sensitive to errors introduced by population stratification, it yielded the same results as the more robust HRR and TDT analyses. 24 The distribution of the alleles in our control population was similar to that previously found in other populations. 6, [15] [16] [17] [18] Comparison of the AN to the control alleles revealed a broad overlap with differences in only one or two CAG repeats in average and modal length. This overlap is not surprising for a common, heterogeneous and probably multifactorial disorder, such as AN. In this mode of inheritance, each locus may contribute only a small portion of the overall disease susceptibility, and alone, may be neither sufficient nor necessary for disease development. 24 Several mechanisms have been proposed to explain how such small variations in the polyglutamine repeat length within ion channels can affect their function and biophysical properties. 6, 11, 25 The direct relationship between hSKCa3-mediated alterations in glutamatergic neurotransmission and the AN phenotype is not clear. Yet, it is possible that an interaction between this major excitatory system and other neural pathways suggested to be involved in AN (eg, serotonin) may be relevant to the pathophysiology of the disorder. It is noteworthy that the hSKCa3 gene has also been implicated in schizophrenia and bipolar disorders. 6, [14] [15] [16] [17] Although the phenotype of AN and the major psychoses vary considerably, our results may support the hypothesis of common susceptibility genes shared by several psychiatric disorders. Thus, drugs active at the hSKCa3 channel could be considered in the pharmacotherapy of some neuropsychiatric disorders.
In conclusion, we present evidence that the hSKCa3 gene is associated with AN, and that longer CAG repeat alleles may confer an increased genetic risk. Yet, AN is certainly a highly complex disorder of a multifactorial etiology, and familial, developmental, and sociocultural trends and expectations certainly contribute to the permissive environment in which a genetic predisposition is more likely to be expressed. It is the interaction between environmental and genetic influences that determines the specific clinical phenotype.
Further studies using larger cohorts are needed for independent replication of our findings, as well as investigating the possible contribution of this gene to the different comorbid phenotypes associated with AN.
Methods

Patients
For the family-based study, 40 complete family trios (patients and parents) attending clinics specializing in eating disorders were asked by the treating physician to participate. All patients were females. Mean age was 16.4 ± 4.1 years, and minimal mean body mass index (BMI) was 14.63 ± 2.07 kg m . About 80% were of Ashkenazi Jewish origin. Patients and parents were interviewed with the Structured Clinical Interview for DMS-IV Disorders-Patient Edition or Kiddie Schedule for Affective Disorders and Schizophrenia, and the diagnosis of AN was established according to the DSM-IV criteria. Most of the patients had restrictive type AN; comorbid major depressive disorder was present in nine patients, combined with social phobia in three; and obsessive compulsive disorder was present in one; one patient had obsessive compulsive disorder alone. Exclusion criteria were past or present physical illness or psychosis. All participants signed an informed consent form after receiving a detailed explanation of the nature and purpose of the study. The study was approved by the Institutional Review Board.
For the case-control study, blood was collected from an additional 13 AN patients (total, 53) and a random sample of 56 Jewish Ashkenazi women attending the Prenatal Genetic Screening Program of Sheba Medical Center. This program was selected as a source of ethnically-matched healthy controls because it is not based on a psychiatric rationale.
Genetic analysis
Genomic DNA was extracted from EDTA-anticoagulated blood samples by standard procedure. The genotyping of hSKCa3 polymorphic alleles was based on the analysis of PCR fragments generated with 5Ј-end Cy5-labeled forward primer: 5Ј-AAGTGCCCCTGT CCATCCTCT-3Ј, and reverse primer: 5Ј-GCCAAGCAAGTGGTCATTGAG-3Ј. 5 Polymerase chain reaction (PCR) conditions were: 95°C-5 min initial denaturation; 35 cycles of 95°C-1 min, 65°C-1 min, and 72°C-1 min; 72°C-5 min final extension. The PCR products were analyzed on the ALF Express DNA analysis system (Pharmacia, Uppsala, Sweden) against an external size marker (50-500 bp scale) (supplied by the manufacturer), and internal size marker, added to each sample. The internal marker consisted of a PCR product from an individual homozygous for hSKCa3 which was generated with forward 5Ј-Cy5-CACCGTCAGTGTCACCAGTAGTCCCC-3Ј and reverse 5Ј-GCCAAGCAAGTGGTCATTGAG-3Ј primers, yielding a 303-bp fragment scaled by direct sequencing. Each DNA sample was genotyped at least twice in independent experiments. Various allele lengths were then standardized according to the number of CAG repeats within the polymorphic region of the hSKCa3 gene.
Statistical analyses
The nonparametric two-tailed Wilcoxon signed rank test was used to compare the distribution of transmitted and non-transmitted alleles derived by HRR 23 from the family trios. The transmission disequilibrium test (TDT) 24 was applied to a subset of heterozygous parents, assuming the cutoff value of 19 repeats, as suggested by Chandy et al 6 using McNemar's test. In the case-control study, allele frequencies and distribution were compared between AN and control groups with the two-tailed Mann-Whitney test. The chi-square test was used to compare the distribution of longer (Ͼ19) and shorter (Յ19) alleles in AN and appropriate control groups.
